Background/Aims: Stroke is the leading cause of adult disability, and glutamate-induced dysregulation of intracellular Ca 2+ homeostasis is a key mechanism. FAM3A is the first member of the family with sequence similarity 3 (FAM3) gene family, and its biological function remains largely unknown. We have recently reported that FAM3A exerts protective effects against oxidative stress and mitochondrial dysfunction in HT22 cells. Methods: Here, we investigated the protective effects of FAM3A using a glutamate-induced neuronal injury model in nerve growth factor (NGF)-differentiated PC12 cells. The protective effects were determined by measuring lactate dehydrogenase (LDH) release, apoptosis and mitochondrial oxidative stress. Ca 2+ imaging was performed to detect changes in intracellular Ca 2+ concentration in PC12 cells. The related molecular mechanisms were investigated by fluorescence staining, coimmunoprecipitation (Co-IP) and western blotting. Results: Upregulation of FAM3A by lentivirus transfection markedly decreased LDH release, inhibited apoptosis and reduced mitochondrial oxidative stress, which were accompanied by alleviated intracellular Ca 2+ levels as measured by calcium imaging. The results of western blotting showed that FAM3A significantly decreased the surface expression of metabotropic glutamate receptor 1/5 (mGluR1/5), with no effect on the expression of N-methyl-d-aspartic acid receptor (NMDAR) or α-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid receptor (AMPAR) subunits. FAM3A overexpression also inhibited the intracellular Ca 2+ release mediated by mGluR1/5 and inositol 1,4,5-trisphosphate receptor (IP 3 R), but not the ryanodine receptor (RyR). In addition, FAM3A significantly attenuated the store-operated calcium entry (SOCE) induced by thapsigargin (Tg), but the expression of SOCE-related proteins was not altered. The results of coimmunoprecipitation (Co-IP) showed that FAM3A disrupted the interaction of stromal interaction molecule 1 (STIM1) with Orai1 triggered by glutamate. Conclusion: These results suggest that the upregulation of FAM3A protects against glutamate-induced dysfunction of Ca 2+ homeostasis not only by inhibiting mGluR1/5-dependent endoplasmic reticulum (ER) Ca 2+ release, but also by attenuating SOCE mediated by the STIM1-Orai1 interaction.
FAM3A Protects Against GlutamateInduced Toxicity by Preserving Calcium Homeostasis in Differentiated PC12 Cells
Qing
Introduction
The world is facing an epidemic of stroke, and approximately 17 million people experience a first-time stroke each year [1] . Although extraordinary advances in stroke treatment and prevention have been achieved in the past decade, the exact molecular mechanisms underlying neuronal injury after stroke are not fully determined. Excessive release of glutamate and subsequent oxidative stress are well-known key biochemical events that promote ischemic neuronal damage through various signaling cascades [2, 3] . The calcium ion (Ca 2+ ) is a key regulator of many physiological cellular processes, such as cell growth and differentiation, neurotransmitter release and synaptic plasticity [4] . The normal concentration of free intracellular Ca 2+ is approximately 100 mM compared to 1 mM in the extracellular space [5] . Ca 2+ overload, a process induced by prolonged increase in intracellular Ca 2+ concentration, might be detrimental for neurons, and is also a molecular mechanism that contributes to glutamate-induced neuronal injury after stroke [6] . Glutamate regulates intracellular Ca 2+ homeostasis via two distinct mechanisms, one is the Ca 2+ influx from the extracellular space through ionotropic glutamate receptors (iGluRs) and other agonist-gated Ca 2+ channels, and the other is the Ca 2+ release from the endoplasmic reticulum (ER) via metabotropic glutamate receptors (mGluRs) signaling [7, 8] . The neuroprotective effects of the modulators of these receptors have been demonstrated by both in vitro and in vivo experiments [9, 10] .
The family with sequence similarity 3 (FAM3) gene family is a cytokine-like gene family that is ubiquitously expressed in most human and rodent tissues [11] . So far, four members of FAM3 have been identified in mammalians: FAM3A, FAM3B, FAM3C and FAM3D, which share approximately 31.6%-53.3% homology at the amino acid level [12] . Most of previous studies of FAM3 are focused on FAM3B, which is also known as pancreatic-derived factor (PANDER) due to its high abundance in pancreatic islets [13] . However, the physiological and potential pathological roles of FAM3A are not fully determined. Previous studies showed that FAM3A activates the PI 3 K/Akt pathway to ameliorate hepatic gluconeogenesis and lipogenesis [14] , and that upregulation of FAM3A contributes to peroxisome proliferatoractivated receptor γ (PPAR-γ)-induced metabolic effects in the liver [15] . Our previous study showed that FAM3A has protective effects against H 2 O 2 -induced oxidative stress by reducing ROS accumulation and apoptosis in neuronal HT22 cells [16] . We also found that FAM3A could regulate the crosstalk between the ER and mitochondria via CHOP-Wnt signaling [17] . These data indicate that FAM3A might be a key regulator of neuronal survival in neurological diseases. The PC12 cell, an immortalized adrenal pheochromocytoma cell line, is a good model for neural differentiation and neurosecretion studies [18] . It can be differentiated with nerve growth factor (NGF) to better resemble a neuronal phenotype [19] , thereby allowing for applications in neuropharmacological and neurotoxicological studies. Here, we used a glutamate-induced neuronal injury model in NGF-differentiated PC12 cells to explore the possible protective effects of FAM3A against oxidative stress injury. We also investigated the potential underlying mechanisms with a focus on intracellular Ca 2+ homeostasis.
Materials and Methods

Cell culture
Rat pheochromocytoma PC12 cells were purchased from the Institute of Biochemistry and Cell Biology, and cultured in Dulbecco's modified Eagle's medium (DMEM) with 10% fetal bovine serum at 37°C. For differentiation, PC12 cells were seeded onto poly-L-lysine (PLL) pre-coated plates and treated with 50 ng/ ml NGF for 7 days.
Lentivirus construction and transfection
The coding sequence of FAM3A was amplified by RT-PCR with the following sequences: forward, 5′-TCATGAGCAGCGTCAAAGAC-3′; reverse, 5′-AGGGTACCTTCATGCAGTGG-3′. The PCR fragments and the (100 μl) . After 48 h, the supernatant was harvested, and the viral titer was calculated by transducing 293T cells. We also generated a control lentiviral vector that expressed GFP alone (LV-control).
Cellular toxicity assays
Glutamate-induced toxicity in differentiated PC12 cells was determined by flow cytometry and lactate dehydrogenase (LDH) release assay as previously described [16, 20] .
Mitochondrial oxidative stress assay
The reporter gene Mito-Timer was used to measure the mitochondrial oxidation level. The images in green (488/518 nm) and red (543/572 nm) channels were detected by a fluorescence microscope.
Ca
2+ imaging Intracellular Ca 2+ concentration was measured using the calcium indicator Fura-2-AM. Differentiated PC12 cells grown on glass slides were loaded with 5 μM Fura-2 AM for 45 min in Hanks Balanced Salt Solution (HBSS), and equilibrated for 30 min in the dark at room temperature. Cells were then placed in an open-bath imaging chamber containing HBSS. Using a Nikon inverted epifluorescence microscope, neurons were excited at 345 and 385 nm and the emission fluorescence at 510 nm was recorded. Images were collected and analyzed with the MetaFluor image-processing software, and the results were calculated and reported as F t /F 0 and area under curve (AUC).
Surface biotinylation assay
The surface biotinylation assay was performed using the Pierce Cell Surface Isolation Kit according to the manufacturer's instructions (Thermo Scientific). Samples were used to perform biochemical studies and western blotting.
Electrophysiology
Whole-cell recordings were performed following standard procedures using an EPC9 patch clamp amplifier as described previously [21] . Imaging of transient Ca 2+ changes in PC12 cells was started 25-30 min after establishing the whole-cell configuration. A multipoint confocal microscope using dual spinning disc technology, attached to an upright microscope and equipped with a 403 objective was used to acquire fluorescence images in parallel with the patch clamp recordings.
IP 3 uncaging
For photolytic uncaging experiments, the internal saline was supplemented with NPE-IP3 (400 mM; Invitrogen). Uncaging of IP 3 was produced by directing the output of a diode laser (Coherent Cube; 375 nm, 15 mW at the laser head) onto the surface of the cultures with the use of a tapered lensed optical fiber [21] .
Real-time RT-PCR
Total RNA was used to synthesize the first strand of cDNA using a reverse transcription kit (Takara, Dalian, China). The mRNA levels of SOCE related molecules were quantified using a Bio-Rad iQ5 Gradient Real-Time PCR system (Bio-Rad Laboratories), and GAPDH was used as an endogenous control. Primers for all Real-Time PCR experiments were as follow: STIM1: forward: 5'-AGG AGC CTC ATC CTA ATC TCA CTC A -3', reverse: 5'-GGC ATC CAC TCA TGC TCC AA -3'; STIM2: forward: 5´-TCT GTC CCT GAC GCA CTA CAG AA -3´, reverse: 5´-ACG TGC AGG GTC CCA AAG A -3´; Orai1: forward: 5'-ATG TCA CTG AGT CCA CCA TGC TTT A -3', reverse: 5'-TCT CTG TGC AGA TGG CTG TGT TTA -3'; GAPDH: forward: 5'-AAG GTG AAG GTC GGA GTC AA -3', reverse: 5'-AAT GAA GGG GTC ATT GAT GG -3'.
Immunocytochemistry (ICC)
PC12 cells were fixed with 4% paraformaldehyde and incubated with blocking solution (PBS containing 1% bovine serum albumin, 0.4% Triton X-100 and 4% normal goat serum) for 20 min. Next, cells were incubated with primary antibodies (anti-FAM3A, 1:500; anti-STIM1, 1:800) at 4°C overnight. The cells were 
Coimmunoprecipitation (Co-IP)
Co-IP experiments were performed using the Pierce™ Crosslink Magnetic Co-IP Kit, according to the manufacturer's instructions (Pierce USA). Magnetic beads were crosslinked with non-specific rabbit or goat IgG (2 mg), poly-clonal rabbit anti-STIM1 (1:30; CST), or goat anti-FAM3A (1:30; Santa Cruz), and then the beads were washed two times with coupling buffer. The protein extracts combined with the beads were incubated overnight at 4°C. Following magnetic isolation, the precipitates were eluted with elution buffer, neutralized with neutralization buffer, and prepared for western blotting.
Western blotting analysis
Forty micrograms of protein was resolved on 12% SDS-PAGE gel and transferred onto PVDF membranes. Membranes were blocked with 5% skimmed milk solution and incubated overnight at 4°C with the primary antibodies NR1, NR2A, NR2B, GluR1, GluR2, mGluR1/5, STIM1, STIM2, Orai1 or β-actin diluted in TBST. The membranes were then washed and incubated with secondary antibody for 1 h. Immunoreactivity was detected with Super Signal West Pico Chemiluminescent Substrate (Thermo Scientific, Rockford, IL, USA). ImageJ (Scion Corporation) was used to quantify the optical density of each band.
Statistical analysis
Statistical analysis was performed using SPSS 16.0. Statistical evaluations of data were performed by one-way analysis of variance (ANOVA) followed by Bonferroni's multiple comparisons.
Results
FAM3A alleviates glutamate-induced toxicity in NGF-differentiated PC12 cells
To investigate the potential protective effect of FAM3A against glutamate-induced toxicity, differentiated PC12 cells were transfected with lentivirus expressing FAM3A (LV-FAM3A) or control lentivirus (LV-control). The results of western blotting showed that LV-FAM3A transfection significantly increased the expression of FAM3A protein compared to that of the LV-control group (Fig. 1A) . Overexpression of FAM3A significantly decreased LDH release after glutamate treatment (Fig. 1B) , and the glutamate-induced apoptosis was markedly attenuated by LV-FAM3A transfection (Fig. 1C) . Next, we used a novel reporter gene to measure mitochondrial oxidative stress in differentiated PC12 cells. As shown in Fig.  1C , an overall increase in the red/green ratio was found in glutamate-treated cells, indicating the increased protein oxidation. Following FAM3A overexpression, the red/green ratio was significantly reduced compared to that in LV-control transfected cells.
FAM3A inhibits intracellular Ca
2+ overload after glutamate treatment To investigate the effect of FAM3A on intracellular Ca 2+ homeostasis after glutamate treatment, we monitored intracellular Ca 2+ concentrations with the ratiometric Ca 2+ indicator Fura-2AM. Fig. 2A shows the dynamic changes of Ca 2+ concentrations expressed as a fold of baseline up to 24 h. Glutamate treatment led to significant increases in Ca 2+ concentrations in both LV-control and LV-FAM3A transfected PC12 cells, and the increases were seen with respect to both amplitude and duration. However, the overexpression of FAM3A markedly lowered peak amplitude (5.33 ± 0.43 vs. 2.86 ± 0.24, n = 5, p < 0.05). In addition, we also calculated the AUC for Ca 2+ concentration to assay Ca 2+ changes over 24 h, and the results showed that FAM3A significantly reduced the AUC by approximately 55% compared to the LV-control group.
Effects of FAM3A on glutamate receptor expression
Glutamate receptors play important roles in glutamate-induced Ca 2+ regulation, and their functions are largely dependent on their cell surface expression. Thus, we detected the
total and surface expression of glutamate receptors and receptor subunits using western blotting. As shown in Fig. 3A -3C, FAM3A overexpression had no effect on either the total or surface expression of NR1, NR2A or NR2B, three subunits of the NMDA receptor. Similar results were also observed on the expression of AMPA receptor subunits GluR1 and GluR2 ( Fig. 3D and 3E) . However, the overexpression of FAM3A significantly reduced the surface expression of mGluR1/5, with no effect on total protein levels (Fig. 3F) . 
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FAM3A attenuates ER Ca
2+ release through mGluR1/5-IP 3 R pathway To confirm the involvement of FAM3A in mGluR1/5-mediated Ca 2+ release from the ER, differentiated PC12 cells were treated with the mGluR1/5 agonist DHPG after transfection with LV-FAM3A or LV-control for 72 h (Fig. 3A) . The results showed that the application of DHPG produced a local Ca 2+ transient in LV-control transfected cells, but not in LV-FAM3A transfected cells (Fig. 3B) . In addition, we also tested the responsiveness of ER Ca 2+ to IP 3 by photolysis of NPE-caged IP 3 using optical fibers to deliver UV pulses (Fig. 4C) . This stimulation produced large Ca 2+ transients in LV-control transfected cells but only small transients in the LV-FAM3A group (Fig. 4D) . In contrast, the application of the RyR agonist caffeine induced large Ca 2+ transients in both LV-control and LV-FAM3A groups (Fig. 3E) , with no significant differences between groups (Fig. 4F) .
Effects of FAM3A on SOCE and expression of SOCE-related proteins SOCE is a dynamic Ca
2+
-regulating mechanism for both Ca 2+ influx and release. Thus, we further measured the effects of FAM3A overexpression on SOCE induced by Tg, which caused a significant Ca 2+ release from the ER in the absence of extracellular Ca
, followed by Ca 2+ influx immediately after restoration of extracellular Ca 2+ in control cells (Fig. 5A ). Transfection with LV-FAM3A significantly reduced Ca 2+ influx after Ca 2+ restoration, but did not affect ER Ca 2+ release (Fig. 5B ). In addition, we also detected the expression of STIM1, STIM2 and Oria1, three SOCE-related proteins. The results of RT-PCR and western blotting analysis showed that the mRNA (Fig. 5C) and protein (Fig. 5D ) levels of these molecules were not altered by FAM3A compared with the LV-control group. -on" protocol with the application of Tg (2 μM) was used to determine SOCE (A), and the total area under the curve of each phase was calculated (B). The expression of STIM1, STIM2 and Orai1 mRNA levels was measured by RT-PCR (C), and the expression of these SOCE-related proteins was detected by western blotting (D). Data are shown as the mean ± SEM. 
FAM3A inhibits SOCE by regulating the STIM1-Orai1 interaction
To determine whether FAM3A disrupts the interaction between STIM1 and Orai1, Co-IP experiments were performed using both control and Tg-treated PC12 cells (Fig. 6A) . As shown Fig. 6B and 6C, tight interactions of FAM3A, STIM1 and Orai1 were observed in control cells. In Tg-treated PC12 cells, a significant decrease in the interaction of FAM3A with STIM1 (Fig. 6B) and an increase in the interaction of STIM1 with Orai1 were detected (Fig. 6C) . However, Tg treatment had no effect on the Co-IP of FAM3A with Orai1 (Fig. 6B) . The results of fluorescence staining also confirmed the co-localization of FAM3A and STIM1 in the cytoplasm of PC12 cells (Fig. 6D) . In addition, we investigated the effect of FAM3A overexpression on the interaction between STIM1 and Orai1 after glutamate treatment (Fig.  6E) . The results showed that LV-FAM3A transfection markedly attenuated the formation of STIM1-Orai1 complexes compared with the LV-control group (Fig. 6F ).
Discussion
It has been shown that FAM3B is highly expressed in the pancreas, FAM3D in the placenta, and FAM3A and FAM3C in almost all tissues. Most previous studies of FAM3 are focused on FAM3B, which has been shown to be involved in the pathogenesis of type 2 diabetes and hepatic insulin sensitivity [22] . We have recently reported that FAM3A exerts protective effects against oxidative stress and mitochondrial dysfunction in neuronal HT22 cells [16, 17] . Another research group found that FAM3A protects against liver ischemiareperfusion injury via Akt-mediated inhibition of oxidative stress and inflammation [23] , 
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and plays an important role in in the development of adipose dysfunction and type 2 diabetes [24] . Here, we confirmed the protective activities of FAM3A in glutamate-induced toxicity in differentiated PC12 cells, an in vitro model with a better neuronal phenotype. More importantly, we found that FAM3A is an essential coordinator of intracellular Ca 2+ homeostasis. On one hand, FAM3A inhibited intracellular Ca 2+ release by suppressing the surface expression of mGluR1/5. On the other hand, FAM3A disrupted the protein-protein interaction between STIM1 and Oria1, thereby reducing Ca 2+ influx through SOCE. It is well documented that most of the damage caused by glutamate is attributed to disturbances in intracellular Ca 2+ homeostasis [25] . Increased levels of intracellular Ca 2+ accumulate within mitochondria causing metabolic failure and oxidative stress, which in turn lead to neuronal apoptosis or necrosis. Attenuating intracellular Ca 2+ overload is thus essential for limiting neuronal cell death under both acute and chronic neuropathological conditions [26] . In this study, a very rapid and prolonged rise in intracellular Ca 2+ concentration was observed after glutamate treatment. In LV-FAM3A transfected cells, these increases in intracellular Ca
2+
, with respect to both amplitude and duration, were significantly attenuated compared to the LV-control group, indicating the suppression of intracellular Ca 2+ overload. Among distinct glutamate receptors, the NMDA receptor plays a vital role in intracellular Ca 2+ regulation. Influx through NMDA receptor causes activation of nitric oxide synthase (NOS) and NO release, leading to the formation of superoxide, peroxynitrite and hydroxyl radicals [27, 28] . To date, many selective NMDA receptor antagonists have been shown to exert neuroprotective effects [29, 30] . Intriguingly, our results showed that FAM3A overexpression had no effect on the expression of NR1, NR2A or NR2B, three subunits of NMDA receptors. Additionally, the expression of AMPA receptor subunits, GluR1 and GluR2, was not altered. Combined, these data suggest that FAM3A-induced inhibition of intracellular Ca 2+ overload might be mediated in an iGluRs-independent manner.
In neuronal cells, glutamate-induced regulation of Ca 2+ homeostasis is also associated with mGluRs, which cause the mobilization of Ca 2+ from internal stores via GTP-binding protein (G-protein)-dependent mechanisms [31] [32] [33] . The function of mGluRs is largely dependent on the multi-protein complexes formed with other adaptor proteins and the cell surface expression of these receptors [34, 35] . Thus, we also detected the expression of mGluR1/5 using western blotting. As expected, LV-FAM3A transfection significantly decreased the surface expression of mGluR1/5 protein, with no effects on total protein levels, indicating the potential involvement of mGluRs signaling in FAM3A-induced Ca 2+ regulation. In line with these data, the application of the mGluR1/5 agonist DHPG produced an inward current and local Ca 2+ transient in LV-control, but not in LV-FAM3A transfected cells. These results strongly indicate that FAM3A-induced Ca 2+ regulation is partly mediated by an inhibition in mGluR1/5 signaling. Activation of mGluR1/5 promotes ER Ca 2+ release via various ER-resident channels, such as inositol 1, 4,5-trisphosphate receptors (IP 3 Rs) and ryanodine receptors (RyRs) [36] [37] [38] . We further tested the responsiveness of ER Ca 2+ stores to IP 3 by photolysis of NPE-caged IP 3 using optical fibers to deliver UV pulses. In the presence of FAM3A overexpression, ER stores became largely devoid of Ca 2+ and IP 3 failed to produce a Ca 2+ release signal from the ER. In contrast, the application of the RyR agonist caffeine produced large Ca 2+ transients in both control and FAM3A overexpressed cells. Since IP 3 R-mediated ER Ca 2+ release and Ca 2+ uptake into mitochondria are tightly coupled [39] , we speculated that FAM3A could affect cell damage through mGluR1/5-IP 3 R mediated ERmitochondria signaling after glutamate treatment.
There are two major mechanisms responsible for glutamate-induced cytoplasmic Ca 2+ signals, one is Ca 2+ influx from the extracellular space via agonist-gated Ca 2+ channels (including iGluRs), and the other is the Ca 2+ release from the ER through mGluRs pathways. A process linking these two mechanisms is store-operated Ca 2+ entry (SOCE), whereby the depletion of ER Ca 2+ store activates the opening of plasma membrane Ca 2+ channels [40] . SOCE was originally thought to provide direct Ca 2+ signals to recipients localized to spatially restricted areas close to the sites of Ca 2+ entry to initiate specific signaling pathways. Recently, accumulating evidence suggest a key role of SOCE in neuronal survival and death. In a diffuse axonal injury model, abnormal SOCE was shown to participate in Ca 2+ overload of neurons by inducing STIM1 expression [41] . A previous study found that SOCE play a role in the regulation of mitochondrial shape, bioenergetics and oxidative stress in mouse embryonic fibroblasts [42] . More recently, a blockage of SOCE by pharmacological inhibitors was demonstrated to protect neuronal HT22 cells from H 2 O 2 -induced apoptosis [43] . Our results showed that Tg-induced SOCE in PC12 cells was significantly attenuated by FAM3A overexpression, which was accompanied by reduced apoptosis. Using the same cell line, a previous study showed that inhibition of SOCE attenuated 1-methyl-4-phenylpyridinium (MPP + )-induced oxidative stress by inhibiting mitochondrial dysfunction [44] . Thus, we speculated that the overexpression of FAM3A partially prevented SOCE-mediated Ca 2+ influx, thereby promoting cell survival in vitro.
SOCE is a process that involves two essential key players: STIM1, a Ca 2+ sensor localized to the ER, and Orai1, a Ca 2+ selective channel in the plasma membrane [45] . Physiologically, when the tandem EF hand of STIM1 is bound with Ca
, and STIM1 has a compact structure and uniform distribution. Upon Ca 2+ store depletion, STIM1 undergoes a massive conformational transition to form the STIM1-Orai1 complex, which induces co-clustered puncta in the plasma membrane, leading to Ca 2+ influx from the extracellular spaces [46, 47] . Previous studies using RNAi knockdown have demonstrated the indispensable requirement of both STIM1 and Orai1 in SOCE regulation [48] . In this study, an increased interaction between STIM1 with Orai1 was also found after Tg treatment in differentiated PC12 cells, indicating STIM1-Orai1 complex formation in our in vitro model. It has been shown that many other proteins, such as adenylyl cyclase type 8 (AC8) [49] , caveolin [50, 51] and the L-type Ca 2+ channel (Cav1.2) [52, 53] , couple or interplay with STIM1 and/or Orai1 to function in a modulatory manner within the SOCE signaling. Here, our results showed that in response to Tg treatment, the interaction between STIM1 and Orai1 increased, while the interaction between STIM1 and FAM3A decreased, with no apparent effect on the FAM3A-Orai1 complex. In addition, the interaction between STIM1 and Orai1 after glutamate exposure was significantly attenuated by LV-FAM3A transfection. All these data strongly suggest that FAM3A might be a negative regulator of SOCE complexes in differentiated PC12 cells.
Conclusion
In summary, we have shown that the overexpression of FAM3A attenuated the glutamate-induced toxicity in NGF-differentiated PC12 cells. These effects of FAM3A might be dependent on its regulation of intracellular Ca 2+ homeostasis. FAM3A not only inhibited ER Ca 2+ release via inhibition of the surface expression of mGluR1/5, but also attenuated SOCE-mediated Ca 2+ influx by disrupting the STIM1-Orai1 complex.
Cellular Physiology and Biochemistry
Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry
